Methods/design: This is a case-control study. The source population is people with diabetes. Cases will be people with diabetes who have undergone a first major LEA, identified from the hospital discharge data at each of three regional centres for diabetes care. Controls will be patients with diabetes without LEA admitted to the same centre either electively or as an emergency. Frequency-matching will be applied for gender, type of diabetes, year and centre of LEA. Three controls per case will be selected from the same population as the cases. With a power of 90% to detect OR of 0.4 for an association between 'good quality care' and LEA in people with diabetes, 107 cases and 321 controls are required. Services involved in diabetes management are endocrinology, ophthalmology, renal, cardiology, vascular surgery and podiatry; timing of first contact with any of these services is the main exploratory variable. Using unconditional logistic regression, an association between this exposure and the outcome of major LEA in people with diabetes will be explored, while adjusting for confounders.
Ethics and dissemination: Ethical approval was
granted by the Clinical Research Ethics Committee of the Cork Teaching Hospitals, Ireland. Results will be presented at conferences and published in peerreviewed journals.
Background
Lower extremity amputation (LEA) is a complication of diabetes and a marker of the quality of diabetes care. LEA rates vary in different communities 1 ; the annual incidence of LEA in patients with diabetes in England and the USA was 250 and 450/100 000 people with diabetes, respectively, in 2008. 2 3 LEA refers to the complete loss of any part of the lower limb and can be minor or major. A minor LEA is distal to the ankle joint while a major LEA is through or proximal to the ankle joint. 4 The site of amputation impacts the functional ability and thus the quality of life of the amputee postevent. 5 Roles of the clinical and sociodemographic risk factors in the development of LEA in people with diabetes have been well described. Long duration of disease, prolonged hyperglycaemia, dyslipidaemia, smoking, neuropathy, peripheral vascular disease and prior ulcers are recognised risk factors for LEA in people with diabetes. 6 In high-income countries, socioeconomic status
STRENGTHS AND LIMITATIONS OF THIS STUDY
▪ Data will be based on all patients referred to three regional centres for diabetes covering a well-defined catchment population in the South of Ireland. ▪ Controls will be selected from the same source population. ▪ A major predictor of lower extremity amputation in people with diabetes is disease duration. Ideally, controls with a similar duration would be selected. However, this is not possible due to the lack of an appropriate diabetes register or alternative source of this data in the RoI.
is associated with the development of diabetes and the subsequent development of LEA. 7 However, the role of service-related factors has been less well explored.
It has been suggested that the occurrence of LEA is due, in part, to a failed system of healthcare. 8 The International Diabetes Federation (IDF) estimates that up to 85% of diabetes-related LEAs could be avoided with timely and appropriate preventive and specialist care. 9 Worldwide, research suggests that better organised care results in a significant improvement in LEA rates in patients with diabetes. [10] [11] [12] Debate continues on the most appropriate model of care for the management of diabetes. 13 14 Traditionally, the Irish model for diabetes care was a hospital-led acute illness model. 15 All patients with type 1 diabetes and the majority of patients with type 2 diabetes were managed in the hospital setting and this has traditionally been considered the best available care. However, not all patients with diabetes can be managed in secondary care and there is a need to consider the optimal timing of referral from primary to secondary care. Timing of access to secondary healthcare and the subsequent occurrence of LEA has not been addressed in previous studies. Thus, the objective of this study is to investigate a possible association between the timing of patient access to secondary healthcare services for diabetes management and the occurrence of LEA, using a casecontrol study design.
METHODS Design
A cohort study is the ideal design for this research question. However, LEAs in patients with diabetes are rare events with long latency periods, so a sufficiently large cohort study powered to detect relevant differences is not feasible. In this scenario, a case--control study is a relevant study design. 16 OR is a suitable measure when an outcome is rare in the population and controls are selected to represent the same source population that gives rise to the cases.
In this study, the source population is people with diabetes in the Republic of Ireland (RoI). Cases will be people with diabetes who have undergone a first major LEA. Ideally, cases would be identified from a diabetes register, if one existed. 17 Cases will instead be identified from hospital discharge data from three regional centres for diabetes care with a dedicated vascular surgeon between 2006 and 2012. Exclusion criteria are predefined (box 1).
Controls will be patients with diabetes without LEA admitted to the same centre either electively or as an emergency. Frequency matching will be applied for gender, type of diabetes, year and centre of LEA. Three controls per case will be selected.
Sample size
Calculation of the sample size was based on the outcome of 'good quality care'. Quality of care was assessed with a patient-completed report card based on 10 process-of-care measures carried out in the last year for diabetes: three or more general practitioner visits for diabetes, glycosylated haemoglobin measurement, blood pressure measurement, urine tested for protein, prescription of aspirin and cholesterol-lowering medication, foot and dilated eye examination, consultation with a dietician and smoking assessment. 13 Assessment of ≥7 process-of-care measures within the last year was considered 'good quality care'. In the Diabetes Quality of Life Study, Collins et al
13 assessed the quality of care in a cross-sectional survey of 2049 Irish people with types 1 and 2 diabetes in 2003. The survey response rate was 71% (N=1456). Overall, 41% (N=597) of respondents had ≥7 process-of-care measures assessed within the last year and thus were considered to have received 'good quality care'. There may have been a response bias in the survey with those completing the survey questionnaire being better attenders at medical services. For the purposes of calculating the sample size, we assumed that all non-responders were poor attenders receiving 'poor quality care'. Thus, the prevalence of the exposure of 'good quality care' was 29% of people with diabetes.
Previous studies in the UK have shown a reduction in the incidence of major amputations of 71.5% over 5 years in the South Tees area and 82% over 11 years in Ipswich following changes to diabetes foot care. 10 12 This corresponds to an estimated OR of 0.28 and 0.18, respectively. We consider an estimated OR based on these studies as appropriate, as the UK is our closest neighbour and most similar to ourselves in term of sociodemographics. 4 With a power of 90% to detect OR of 0.4 for an association between 'good quality care' and LEA in people with diabetes, 107 cases and 321 controls are required.
Data collection
All data will be extracted from a combination of hospital discharge data (hospital in-patient enquiry (HIPE)), 18 administration records and laboratory results in the secondary healthcare setting. Timing of access to secondary healthcare services for diabetes management is the exploratory variable. An expert panel convened consisting of representatives from endocrinology, general practice and public health. Secondary healthcare services deemed by the expert panel to be responsible for the management of diabetes were endocrinology, ophthalmology, renal, cardiology, vascular surgery and podiatry. Data on the timing of first contact with secondary Box 1 Exclusion criteria for study participants Lower extremity amputation secondary to trauma or malignancy Residence outside referral area to three regional centres Age <45 years healthcare services for diabetes management from any of the included services will be extracted from administration records and collected under three categories: no contact or within 1 year prior to the event (late referral), within 2-3 years prior to the event or within 4-7 years prior to the event (early referral).
It is not feasible that data on all covariates implicated in the occurrence of LEA in people with diabetes would be collected in this study; table 1 outlines the covariates that will be included.
Analysis
Stata V.12C will be used for statistical analysis. Descriptive analysis will be performed, comparing the distribution of variables among cases and controls using standard parametric and non-parametric tests. A comparison of proportions will be performed using the χ 2 statistic for categorical variables and the two-tailed, unpaired Student's t test for continuous variables.
Univariate binary logistic regression analysis will be used to explore relationships between predictor variables and the outcome of LEA in people with diabetes. Multiple logistic regression models will explore associations between exploratory variables and LEA in people with diabetes while adjusting for confounders and allowing for statistical interaction. Care needs to be exercised with logistic regression models to include confounders but not intermediate factors on the causal pathway. The expert panel will discuss each covariate as a potential confounder or intermediate factor ( figure 1 ).
The final model will be assessed for collinearity using the variance inflation factor (VIF). Model fit will be assessed with Hosmer-Lemeshow's goodness-of-fit test. For all analyses, a p value of ≤0.05 will be considered to indicate statistical significance.
As cases and controls will be frequency-matched, unconditional logistic regression with matching variables as covariates will be employed. Conditional logistic regression will also be performed to assess for overmatching. 19 Results of both analyses will be compared.
DISCUSSION
A number of case-control studies have been conducted where cases are patients with diabetes who have undergone LEA (see online supplementary appendix 1). 6 20-29 Methods previously employed, especially the selection of cases and controls, were carefully considered. Previously, cases were detected from hospital records as consecutive patients with diabetes undergoing LEA or in the community through the National Drug Re-imbursement Register 22 27 28 ; a case was defined as undergoing any type of non-traumatic LEA. Controls were also recruited from hospital and/or community settings in previous studies. Hospital controls were defined as patients with diabetes undergoing a non-traumatic but medically necessary surgery unrelated to diabetes. 27 Community controls were selected randomly from all patients with diabetes who had not undergone an LEA at the time of the case operation 24 or from the electoral register. 23 The number of controls for each case ranged from 1 to 10. 23 25 This study differs from previous case-control studies in the following two ways:
1. An early minor amputation can prevent a later major amputation 11 , and minor amputations may reflect improved quality of care. The Organisation for Economic Cooperation and Development (OECD) now recommends that only major amputations should be used for quality of diabetes care assessment. 30 Thus, in this study, cases are defined by an incident major LEA. 2. Exposure to medical care has been previously explored in case-control studies. 20 23 However, to the best of our knowledge, timing of access to secondary healthcare services for diabetes management has not been previously measured and an association between this exposure and major LEA has not been investigated. A major challenge with case-control studies is the identification and enrolment of suitable control subjects. 31 In this study, controls will be generated from a hospital base. Hospital controls have several appealing features: convenience, low cost to identify and interview, comparable information quality as cases, motivation to participate and comparable healthcare-seeking behaviour. 32 The use of hospital and community controls would strengthen the conviction of any associations detected. 33 To reduce selection bias, the inclusion of hospital and community controls was considered in the design phase of this study. However, recruitment from the community proved impractical due to the lack of a diabetes register in the RoI. 17 Matching is a technique used to reduce confounding. 34 Ideally, controls would be frequency-matched for duration of disease to avoid cases having more advanced disease than controls. 6 To overcome this design issue, we decided that cases will be patients with diabetes admitted as an emergency or electively within the same year to the same hospital as the case.
A person with diabetes selected as a control, who undergoes a major LEA later in the study period, can then be selected as a case and will be included in the study as a control and as a case. A person with diabetes selected as a control will remain in the study population at risk after selection and thus will remain eligible to be selected once again as a control. Including the same person with diabetes at different times does not lead to exposure or confounder information being repeated as this information will change over time. [35] [36] [37] Another potential source of bias in case-control studies is measurement bias. 34 The reliability of HIPE data has been documented. 38 Administration data will be collected in the same manner from cases and controls, conforming to the principle of comparable accuracy. 39 Pilot work suggests that there will be sufficient cases to reach the required sample size at the three included centres. However, if further cases are required, the study area will be extended. If this proves difficult logistically, the number of controls could alternatively be increased.
This study will provide information on the effect of early versus late referral to secondary healthcare services for diabetes management on the outcome of LEA in people with diabetes. While the results will be highly relevant to the Irish healthcare system, the findings will also be generalisable to other countries with hospitalbased, acute illness models of diabetes care. 15 Contributors CMB conceived and designed the study, gained the funding and wrote the protocol. FA revised the protocol. GR and PMK refined the study design and revised the protocol. IJP and CPB designed the study, gained the funding and revised the protocol. All the authors read and approved the final version of the protocol. Competing interests None.
Ethics approval Ethical approval was granted by the Clinical Research Ethics
Committee of the Cork Teaching Hospitals, Ireland. As data extracted by the researchers were coded with a medical record number around which strict confidentiality safeguards are in place, it was deemed by the Ethics Committee that individual patient consent was not required. All results will be presented at local, national and international conferences and published in peer-reviewed journals. All future publications will follow the Strengthening the Reporting of OBservational studies in Epidemiology (STROBE) criteria. 40 Patients and policymakers will be informed of results through presentations, reports and updates on the Health Service Executive (HSE) website. It is our hope that these findings will inform service development and redesign.
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